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Why to study segregation and
Interfacial disorder effects?

(for example on the optical spectra)

 First Reason: because some deviations
from interfacial abruptness are always

present in real samples.
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Possible effects on the gaps of
INAYGaSh SLsand MQWSs
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. Differences between average offsets derived using data

from different groups

 Differences as large as 100 meV for structuresthat are

nominally similar!
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Our EPM

C Symmetry Effects \

Atomistic approach - we fully solve the
single-particle Schrodinger equation where
the SL potential is the sum of the atomic
screened potentials. This takes into account

fully the (D,40r C,,) SL symmetry.
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ﬂnvironmental Effects \

Appropriate potentials for the interface
bonds In-Sb and Ga-As

Wefit the EPM to:

* experimental gaps

o exptl effective masses

 exptl hydrostatic and biaxial deformation
potentials

 LDA-predicted single band edge
deformation potentials

* band offsets

of ALL the binary compounds. GaSb,
InAs,GaAs and InSh.

Atomic pseudopotentials of Gain GaSbh
and in GaAs are different

The potential on each atom is specific of
Its n.n. environment

4-n
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@rain Effects \

Our EPM include a parameter fit to the gap
and band edge deformation potentials.

dv . (e)=a,Tr(e)

Atomic positions Rna In the crystal are
locally displaced by aVVFF approch
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Capabilities of the EPM

|F specific offsets

Band Alignment of Compounds Strained on GaSh (001)
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Brief summary of the
results for the abrupt
superlattices




Abrupt (InAs),/(GaSbh),, SLs
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Band Energies (meY)
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Abrupt (InAs),/(GaSb), SL’s

State Energy (meV)
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* Arrows - calculated transition energies

Absorption (arb. units)
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| nterface Interdiffusion
M odels

We consider two models:

Model |: The Single-Layer Disorder
Model

(to study the effect of the nature of the
Interfacial bonds)

Model |l: The Kinetic Model of MBE

growth
(to study the effect of atomic segregation)




Modd |:
the single-layer model of
Interfacial disorder

We start from:
.. GatAsS...

L AnSbl..  (C,)

OR

1Shrin.. ..INn-Sh.. ..Ga-As.. ..@-Ga_.
(Dyq) ( D)

the composition of the interface anion planeis
changed CONTINOUSLY

What happens to the electronic
structure?




Wavefunction Amplitude Squared (arb. units)
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Interband transition energies
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Model |1:
Thekinetic model of MBE
growth
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Model Il - The kinetic growth
model: the rate equations

* Therates of the exchange reactions
depend on the growth temperature T

P =n, exp(- EA,B/kBTg)

e Therate of change of the concentration
X, (t) of surface A atomsis.

g9

dx, (1)
dt

=F (0 +

PreXa(t)X5 (1) - Pyg Xa(t)xs(t)

 Under the conditions of the conservation
of A atoms, of the total number of atoms

nd o) + xB(t) = 1
s->b

For cations: E,n,Ga =18¢eV ,E,g,=20eV
(Dehaese et al. APL 66, 52 (95))
No valuesin theliteraturefor the anions




The barrier energiesfor
anions
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FIG. 4. Segregation profiles constructed from interleaving
even (open symbols) and odd (closed symbols) samplings of
the As planes in SL; (left) and SL, (right). Solid lines are fits

to Eq. (1).
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Model |1

Superlattice segregation

profiles
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* \We assume random atomic arrangements in
the (001) planes perpendicular to growth
direction consistent with the planar
composition profile dictated by the growth
model
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Modification of the heavy
hole localization and of the |F
potential with segregation
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Modél 11
Effects on transition
energies
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DEPENDENCE ON GROWTH
TEMPERATURE
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| n-plane Polarization Anisotropy

When symmetry is C,,;:
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Summary

e We have modded interfacial interdiffuson and
disorder to study the effects of:
(1) Interfacial Bonds (Modé )
(2) Atomic Segregation (Model 11)

Results

 Band Gaps are lower (50 meV for n = 8 SL’S)
with InSb Ifs than with GaAs Ifs.

 The hhl wavefunction is strongly localized on
the In-Sb IF bonds (relative pinning of its

energy).

e Segregation:
Effects  Normal IF:. anion intermixing and
increase | F broadening
with T  In penetration into GaSb
’ e Assegregation at the inverted |F

» Segregation causes blue shifts of band gaps.

» ¢ 1 ML narrowing of the InAswell

> « Reduction of hhl localization on the
InSh IF




